Aims: The aim of this study was to test the effectiveness of intratympanic dexamethasone injections as a treatment for severe disabling tinnitus and also observe its effect on hearing loss if any. Materials and Methods: Thirty patients with severe disabling tinnitus in the age group 20 to 60 years were selected and randomly assigned to receive intratympanic injections of a dexamethasone solution 4 mg/ml (0.5 ml) or isotonic saline (0.5 ml) solution under topical anaesthesia, once per week for 4 weeks using a zero degree endoscope. Improvement in tinnitus was assessed using a visual analog scale, considering 2-point improvement as significant and alteration in hearing if any was noted by pure tone audiometery before and after the therapy. Results: The improvement in tinnitus was not significant, with no alteration in audiometery reports. Conclusions: Intratympanic therapy is an attractive mode of treatment because of its highly targeted delivery, low concentration of the drugs required and a very good patient tolerance. Although there has been no breakthrough in intratympanic therapy for tinnitus or other otological conditions, accessibility to the inner ear through the semipermeable round window membrane holds many promises in the near future.
Introduction
One of the principal advantages of intratympanic (IT) therapy is the ability to deliver therapeutic concentrations of the drug in a highly targeted fashion to the inner ear, thus avoiding systemic side effects.
Diffusion occurs across the round window membrane (RWM) into the cochlea, driven by the concentration gradient between the middle ear and the perilymph-filled scala tympani. The diffusion rate is determined by various factors, such as size, configuration, concentration, liposolubility and electrical charge of the active substance, as well as by the thickness of the RWM [1] .
A cochleostomy for direct drug delivery entails a substantial risk of permanent damage, whereas RWM provides an attractive gateway to the inner ear. It consists of three layers: an outer epithelium facing the middle ear, a core of connective tissue, and an inner-ear epithelium bordering the inner ear [2] .
Compared with IT doses, much higher systemic doses are required when action is intended on the inner ear which is an end organ with blood brain barrier [3] .
In 1996, Sakata et al. treated 1214 patients who had tinnitus by infusing dexamethasone solution into their middle ear. The authors reported good overall results in 77% of the ears immediately after the treatment and in 68% after 6 months [4] .
In 2000, Shulman and Goldstein treated 10 patients having tinnitus with intratympanic dexamethasone injections [5] . Five patients experienced tinnitus control for at least 1 year and 2 had tinnitus control for only a few hours. Three patients experienced no improvement.
In 2002, Cesarani et al. described 54 patients treated with intratympanic dexamethasone injections [6] . Of these patients, 34% experienced complete resolution of tinnitus, 40% experienced significant improvement, and 26% experienced no change.
However, it should be noted that placebo effect is very high with tinnitus and having a control group is essential. Hence, we conducted this study and would like to report our experience regarding IT therapy for refractory tinnitus.
Methodology
Patients having severe disabling tinnitus (SDT) for at least 6 months, refractory to medical line of management in the age group of 20 to 60 years were selected from the ENT out patient department at the Grant Government Medical College and J.J. Group of Hospitals, Mumbai.
Study was conducted from July to December 2014, however it is an ongoing study and we intend to try different molecules for management of refractory tinnitus via the intratympanic route.
Patients with sensorineural, mixed and conductive hearing loss were all included and their pure tone audiogram findings noted prior to the study. Patients with h/o trauma to the ear and carcinomas were excluded from the study.
Detailed history taking, otomicroscopic examination and audiologic testing were also performed to identify the presence of otological diseases associated with the symptom of tinnitus apart from the hearing loss.
The patients were given a specific tinnitus questionnaire regarding: tinnitus duration, ear affected, subjective hearing loss, description of the sound heard and known otologic diseases/previous treatments. The patients were then asked to indicate the intensity of tinnitus on a visual analog scale graded from 1 to 10 (1 was low and 10 was an unbearable level of intensity). Informed consent was obtained from all patients.
The patients were then randomly assigned to receive 0.5-ml IT injection of either a 4-mg/ml dexamethasone solution or isotonic saline. They were placed in a supine position with their heads turned about 45˚ towards the unaffected ear. Topical anaesthesia of the tympanic membrane was administered using 10 percent lignocaine spray, complete clearance of which was done using suction after 2 to 3 minutes. Using a 2 ml syringe and a 26-gauge one and half inch needle, the assigned solution was injected under direct vision using a zero degree endoscope in the postero-inferior quadrant of the tympanic membrane ( Figure 1 and Figure 2 ). Each patient remained for about 30 minutes in the described position. Four injections were performed, 1 per week for 4 weeks.
In case of Meniere's disease grommet insertion was done and IT therapy was given through the grommet. After finishing the treatment, the patients indicated, on the visual analog scale, the level of tinnitus intensity following the treatment. We considered that improvement was significant when a lowering of at least 2 points on the visual analog scale was reported.
Also patients pure tone audiometery was repeated after completion of the therapy. Five patients who started treatment were excluded from analysis (3 from the study group and 2 from the control group) because they did not complete treatment or failed to return for follow-up. Of the 25 patients who remained, 5 had both ears treated. Thus, a total of 30 ears were treated and evaluated. 
Results
From the data provided in Tables 1-3 ; ×2 test (with a significance level of 0.05) showed no significant difference between the groups regarding sex, age and laterality of the tinnitus (Tables 4-6 respectively). There was no significant difference between the results of treatment with a dexamethasone solution and treatment with a saline solution ( Table 7) . There was no change in the hearing levels before and after treatment as per the pure tone audiogram reports in both the groups.
Discussion
The fact that intratympanic therapy was first used for tinnitus and not Meniere's has probably been forgotten.
Harold Schuknecht proposed the use of streptomycin in Meniere's disease as an alternative to surgical labyrinthine ablation in 1956 [7] . 5% ethylmorphine hydrochloride, was used for intratympanic injections in cases of tinnitus by Trowbridge. He treated 20 patients and claimed complete tinnitus relief in 11 of them, partial improvement in seven and no change in the remaining two [8] [9] . Lidocaine was tested in the treatment of Meniere's disease by way of systemic administration [10] [11] . Following which, in the 1970s, Eiji Sakata administered lidocaine and dexamethasone intratympanically [10] [12] . However lignocaine had an unacceptable vertigo as its side-effect. There are different methods of IT injections. Tympanopunction i.e. Direct injection of the drug into the middle ear or myringotomy first followed by endoscopic examination of round window region followed by injection [13] [14] . In our study tympanopunction was done and a slow and steady injection was found to be a feasible mode of delivering the drug.
Actually, about 5 μl is usually sufficient to fill the entire round window niche [15] . In IT therapy concentration of the drug and the duration for which it stays over the RWM is more important than the volume [16] . Injected volumes in published studies range from <0.3 ml [17] to 1 ml [18] [19] at the higher end.
Even in sudden deafness a high-rate of spontaneous recovery of hearing loss and accompanying tinnitus is a hallmark, which necessitates appropriate controls and there is still a lack of clear evidence of a therapeutic benefit of steroids with regard to tinnitus [20] [21] .
In a placebo-controlled, double-blind crossover study in 20 patients with unilateral Meniere's disease, three consecutive daily i.t. injections of dexamethasone in a hyaluronate formulation showed no better effect on tinnitus than a placebo [22] .
Simple placement of ventilation tube with no additional therapy has been reported in control of vertigo in many patients with menieres disease to a degree similar to endolymphatic sac surgery [23] [24] . Hence in our study, for patients with Meniere's disease grommet insertion was done and IT injections were given through the ventilation tube. These patients however didn't show significant improvement in tinnitus or other symptoms of the disease per se.
Other than steroids, i.v. administration of caroverine, has been tried [22] [25] but has failed. The compound has also been tried in form of local ear drops with claimed improvement of tinnitus [26] .
AM-101, an NDMA receptor antagonist formulated in a hyaluronic acid gel, showed good tolerance and improvement in tinnitus status [17] . An open trial with IT administration of pilocarpine and carbachol showed a transient effect on the tinnitus [27] .
RWM thickness (on average 70 μm) and, especially, its size varies widely in humans [2] and in some cases, its covered by an "false" membrane or by fibrous or fatty plugs within the niche itself [28] . False membranes are sometimes perforated or reticular [29] . Magnetic resonance imaging studies have shown no round window permeability in 5% of ears, and poor permeability in 13% [30] .
Also animal data has shown basal-apical concentration differences of over 1000-fold [16] . While direct determination of the gradient in a human cochlea is not feasible, it has been estimated in a computer-based simulation for IT gentamicin at around 100:1 (basal to apical levels) [31] .
Since the sampling of inner ear fluids places hearing at risk [32] . Three studies with patients undergoing cochlear implantation, labyrinthectomy or translabyrinthine surgery found that perilymph concentrations varied significantly following IT injections of methylprednisolone [18] , dexamethasone [33] or gentamicin [34] .
Formulations or devices that ensure retention at RWM are preferable. This may be achieved by injecting viscous gel formulations, or by placing wicks, microcatheters [35] into, or close to, the round window niche. Gel-based formulations include hyaluronates [36] , collagens [37] , chitosans [38] , fibrins [39] , starch, celluloses, 6 elatin [40] , poloxamers [41] , and many others. Viscosity that is too high may also result in the formation of an air bubble on the RWM, thus preventing effective diffusion, or may temporarily impair the ossicular mobility.
It seems tempting, to enhance RWM diffusion of a drug by incorporating formulations that are known to enhance permeability, such as histamine or dimethylsulfoxide (DMSO) [42] , prostaglandins or leukotrienes, or to use microsphere or nanoparticle formulations. However DMSO has been shown to be cytotoxic in cochlear organotypic cultures at concentrations between 0.5% and 6% [43] and may lead to reduced permeability [44] .
Unlike dexamethasone, hydrocortisone has led to RWM inflammation after topical instillation [45] . In our study too, 4 cycles of IT dexamethasone injections didn't cause inflammation of the middle ear mucosa ( Figure  3) .
Local side effects, may include injection-site pain, dizziness, caloric vertigo, infection, persistent tympanic membrane perforation, or possible vasovagal or syncopal episodes during injection [14] [19] [46] . In our study no side-effects except for transient vertigo in few patients were noted. Sufficient warming of the drug, the use of fine needles [45] and appropriate local anaesthesia, a gentle rate of injection, and avoidance of excessive injection volumes seem to be key factors for good local tolerance.
Conclusions
Though IT therapy is a highly efficacious and tempting mode of drug delivery, IT dexamethasone injections are not effective for refractory tinnitus and don't alter the hearing loss as per our study.
The lack of specific effective drugs must be considered the first and foremost obstacle for a more widespread use of the IT therapy.
The quest for the discovery of effective and safe therapeutic molecules should continue and hopefully there should be breakthrough in tinnitus therapy by intratympanic route in the near future.
